Abstract The knowledge about mineral content of slim teas is of great importance since the consumption of these beverages has rapidly increased for the past several years. An increasing popularity of these tea products is mainly attributed to their nutritional properties, flavor, taste and health effects. Therefore, the main goal of the present work was to develop a precise and accurate method of the multi-element analysis of slim teas by inductively coupled plasma optical emission spectrometry (ICP OES) without the need for a laborious and tedious sample treatment preceding spectrometric measurements. Five sample preparation procedures, i.e., the total decomposition in a mixture of HNO 3 and H 2 O 2 solutions using closed vessel microwave-assisted or open vessel hot-plate systems, the solubilisation in aqua regia or a tetramethyl ammonium hydroxide solution and the extraction in a diluted HNO 3 solution, were compared. The performance of the compared procedures was determined in terms of the precision and the accuracy of results achieved and limits of detection of elements. It was found that the solubilisation in aqua regia gave the best results, i.e., limits of detection between 0.15 and 98.4 ng l −1 , the precision within 0.6−3.0 % and the accuracy better than 5 %. The developed method of the analysis, being a useful alternative to timeconsuming wet digestion procedures, was successfully applied to the analysis of five slim tea products.
Introduction
Nowadays, an interest in the consumption of specific teas (e.g., slim teas) can be observed. These particular teas, being mixtures of different types of teas (black, green or Pu-erh), herbs and various additional bioactive components, are preferred by the people who wish to reduce their body weight. So far, there have been no reports at all on the analysis of such products, specifically on the total content of different elements. Recently, however, an extended literature review devoted to sample preparation strategies and the elemental analysis of tea made from leaves Camellia sinensis was presented by Welna et al. 2013 .
Generally, the determination of total concentrations of various macro-and micro-elements in different teas as well as medicinal plants is carried out with the use of flame atomic absorption spectrometry (FAAS) (Aksuner et al. 2012; Colak et al. 2005; Kumar et al. 2005; Li et al. 2006; Malik et al. 2008; Narin et al. 2004a,b; Seenivasan et al. 2008; Soylak et al. 2007) , graphite furnace atomic absorption spectrometry (GF AAS) (Dash et al. 2008; Seenivasan et al. 2008) , inductively coupled plasma optical emission spectrometry (ICP OES) (Chen et al. 2009; Dash et al. 2008; Kara 2009; Malik et al. 2008; Matsuura et al. 2001; McKenzie et al. 2010; Mierzwa et al. 1998; Özcan et al. 2008) , inductively coupled plasma mass spectrometry (ICP MS) (Kara 2009; Matsuura et al. 2001; Nookabkaew et al. 2006; Shen and Chen 2008) and X-ray fluorescence spectrometry (XRFS) (Salvador et al. 2002; Xie et al. 1998) . As a rule, the decomposition of the matrix of tea samples is an indispensable and mandatory step before their elemental analysis by the majority of these spectrometric methods. Typically, the digestion is carried out by a conventional hot-plate or microwave-assisted heating of tea samples with oxidizing reagents, including HNO 3 , HNO 3 + H 2 O 2 , HNO 3 +H 2 SO 4 +H 2 O 2, HNO 3 +H 2 O 2 +HF, HNO 3 + HClO 4 , HNO 3 + HCl, HNO 3 + HCl + HF, (Aksuner et al. 2012; Colak et al. 2005; Kumar et al. 2005; Narin et al. 2004a,b; Dash et al. 2008; Matsuura et al. 2001; McKenzie et al. 2010; Mierzwa et al. 1998; Nookabkaew et al. 2006; Salahinejad and Aflaki 2010; Shen and Chen 2008; Soylak et al. 2007) . Except for the mentioned wet ashing procedures, dry-ashing procedures, as described by the Association of Analytical Chemistry (Seenivasan et al. 2008) or modifications of this official method (Chen et al. 2009; Li et al. 2006; Malik et al. 2008; Narin et al. 2004b) , are also used at the stage of the sample preparation of tea before its spectrochemical analysis.
Wet acid digestion and dry-ashing procedures reported in the literature are tedious and time-consuming, require the use of hazardous reagents and often lead to systematic errors and failures (Welna et al. 2011) . Therefore, an interest in improving and simplifying sample preparation procedures prior to the elemental analysis has lately been observed. The most common approach to achieve this is to reduce the processing time and amounts of reagents used or completely eliminating the sample matrix destruction step. The detailed information about conventional and alternative procedures, including their advantages and disadvantages, aimed at preparing different tea samples prior to their elemental analysis by atomic spectrometry methods is given in Table 1 .
So far, only few studies have been carried out to compare the different procedures for the sample preparation of teas before their elemental analysis by spectrochemical methods. Narin et al. (2004a) compared two different digestion procedures, i.e., hot-plate heating and microwave-assisted decompositions with a mixture of concentrated HNO 3 and HCl solutions (3:1, v/v), to determine concentrations of Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn in black teas by FAAS and ICP OES. Aksuner et al. (2012) examined a microwave-assisted digestion procedure in a mixture of concentrated HNO 3 and H 2 O 2 solutions (3+1 ml) and a hot-plate heating digestion procedure in a mixture of concentrated HNO 3 and HClO 4 solutions (7+8 ml) for the determination of Cu, Fe, K, Mn, Ni and Zn in black, green, white and herbal tea samples by FAAS. In both cited reports, it was shown that there were no significant differences in results obtained using compared procedures. Mierzwa et al. (1998) evaluated the suitability of different microwave-assisted digestion procedures of oolong teas for the determination of Ba, Cu, Fe, Pb, Zn by ICP OES. For this purpose, a concentrated HNO 3 solution only and its combinations with other acids were tested, i.e., HNO 3 +HF (9+1 ml), HNO 3 +HCl (9+1, 9+2 and 9+3 ml), HNO 3 + HCl+HF (9+1+1, 8+2+1 and 7.5+2.5+1 ml). Furthermore, a microwave oven heating program was optimized to be as short as possible. It was found that a 10-min digestion at 180°C was optimal for sample portions of 0.3 g. Poor recoveries (based on the analysis of a tea GBW 07605 CRM) were obtained if only HNO 3 was used. The mixture of HNO 3 with HCl and HF was more efficient than mixtures of HNO 3 with HF or HNO 3 with HCl. In the same work, the direct analysis of teas using the slurry sampling (SS) technique was also tested to avoid the complete sample digestion. In this procedure, finally ground tea samples were diluted in a HNO 3 solution (0.4 % or 4 % v/v) containing 0.005 % (v/v) Triton X-100 and ultrasonicated to form suitable sample slurries. Dash et al. (2008) developed an efficient alternative procedure of the decomposition of tea and tulsi samples based on the UV photolysis before the determination of Al, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Pb and Rb by GF AAS and ICP OES. Accuracy was verified with a certified reference material of Cabage (GBW 08504) and in-house spinach standard. It was established that the UV photolysis of analyzed samples resulted in obtaining reliable results.
The main purpose of the present work was to develop a simple, precise and accurate method of the multi-element analysis of slim teas by ICP OES. To the best of our knowledge, this work is the first to report on the analysis of such tea products in reference to their elemental composition (macro-, micro-and trace elements) as well as the comparison of three alternative to open and closed vessel system wet digestions sample preparation procedures of slim teas prior to the determination of total concentrations of 13 elements, i.e., Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr and Zn, by ICP OES. Five different slim teas, commercially available in Poland, were analyzed using the new sample preparation procedure providing the best precision and accuracy of results. The ratio of reagent volumes (ml/ml) Food Anal. Methods (2014 Methods ( ) 7:2051 Methods ( -2063 Before the analysis, the tea material was removed from bags, mixed, ground and stored at room temperature in polyethylene (PE) containers.
Materials and Methods

Samples
Reagents
All chemicals were of analytical grade purity. Concentrated HNO 3 (Merck, Darmstadt, Germany) and HCl (POCh, Gliwice, Poland) solutions, in addition to a 30 % (v/v) H 2 O 2 solution (POCh) and solid tetramethyl ammonium hydroxide (TMAH) (Sigma-Aldrich, Saint Louis, MO, USA) were used for the sample preparation. Working standard solutions were prepared by appropriate dilutions of a multi-element (1,000 μg ml −1 ) ICP standard (Merck). De-ionized water (18.3 MΩ cm) was obtained from an EASYpure™ water purification system (Barnstead, Thermolyne Corporation, Dubuque, IA, USA). Glassware and plastic bottles were cleaned with a 10 % (v/v) HNO 3 solution and next, rinsed several times with de-ionized water.
Sample Preparation Procedures
The following sample preparation procedures were tested.
Closed Vessel Microwave-Assisted Wet Digestion (P1)
Tea samples (0.5 g) were weighed into Teflon digestion vessels, and 6 ml of a concentrated HNO 3 solution with 1 ml of a 30 % (v/v) H 2 O 2 solution was added. Vessels were closed and reaction mixtures were immediately subjected to the microwave heating at a maximum power of 600 W and for 45 min. After cooling, colorless sample solutions were quantitatively transferred into 25-ml volumetric flasks and made up to the volume with de-ionized water prior to the multi-element analysis by ICP-OES.
Open Vessel Hot-Plate Wet Digestion (P2)
Tea samples (0.5 g) were weighted into 150-ml Pyrex beakers and 10 ml of a concentrated HNO 3 was added. Beakers were covered with watch glasses and reaction mixtures were heated on a hot plate at 85°C and for 3 h. Then, sample solutions were cooled and 5 ml of a 30 % (v/v) H 2 O 2 was subsequently added. The heating was continued until sample solutions were clear and their volumes were reduced to about 2 ml (~30 min). Finally, aliquots left were quantitatively transferred into 25-ml volumetric flasks and made up to the volume with de-ionized water prior to the multi-element analysis by ICP OES.
Solubilisation in Aqua Regia (P3)
Tea samples (0.5 g) were weighed into 30-ml polypropylene (PP) centrifuge tubes and 2 ml of aqua regia was added. Tubes were stoppered and reaction mixtures were sonicated in an ultrasonic bath for 15 min. Then, they were filled up to 25 ml with de-ionized water and finally, resulting sample solutions were centrifuged for 10 min at 12,000 rpm. Supernatants were taken for the determination of elements by ICP OES. This procedure was finally used for the preparation of slim teas samples prior to multi-element determination by ICP OES.
Solubilisation in TMAH (P4)
Tea samples (0.5 g) were weighed into 30-ml PP centrifuge tubes and 0.75 ml of a 25 % (m/v) TMAH aqueous solution was added. Tubes were stoperred and shaken at 80°C and for 30 min. Next, reaction mixtures were cooled, made up to 25 ml with de-ionized water and then centrifuged for 10 min at 12,000 rpm. Supernatants were stored in PE containers at 4°C before the determination of elements by ICP OES.
Extraction in HNO 3 (P5)
Tea samples (1.0 g) were weighted into 30-ml PP centrifuge tubes and 10 ml of a 1.0 mol l −1 (m/v) HNO 3 solution was added. Tubes were stoppered and reaction mixtures were sonicated in an ultrasonic bath at 50°C and for 20 min. Next, mixtures were cooled, made up to 25 ml with de-ionized water and finally centrifuged for 10 min at 12,000 rpm to remove any solid particles. Supernatants were saved for the multielement analysis by ICP OES. Slim Figure age 30+ was used for the comparison of different sample preparation procedures. For each sample preparation procedure tested (P1-P5), three parallel sample solutions were prepared in addition to respective blank solutions that were used to correct the final results. Then, the sample preparation procedure that provided the best precision and the accuracy of results was applied to prepare other tea products before their analysis on total concentrations of 13 elements by ICP OES against the external calibration with simple working standard solutions.
Apparatus
A JY38S (Jobin Yvon, Longjumeau, France) ICP OES instrument was used to measure total concentrations of Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr, Zn in all sample and blank solutions. Operating parameters were as follows: 1.0 kW of RF power, 13 l min −1 of a plasma-gas flow rate, 0.2 l min −1 of a sheath-gas flow rate and 0.25 l min −1 of a nebulizer-gas flow rate. Solutions were introduced into the plasma torch using a Burgener (MiraMist, Mississauga, Ontario, Canada) nebulizer and a cyclonic type spray chamber at a flow rate of 0.75 ml min 
A Milestone (Sorisole, Bergamo, Italy) high-pressure microwave digestion system (MLS-1200 MEGA), equipped with a rotor MDR 300/10, was used for the closed-vessel microwave-assisted sample decomposition of samples. An Elpin (Katowice, Poland) thermostatic water bath shaker (type 357) and a JP Selecta (Barcelona, Spain) ultrasonic cleaning bath with a thermostat for heating (UltrasonsH) were used for experiments in which samples of slim teas were treated with aqua regia and TMAH solutions. An MPW-350 centrifuge (MPW Med. Instruments, Warsaw, Poland) was used to accelerate the separation of sample solutions from solid particles.
Statistical Methods
Differences between concentrations of elements measured in solutions of Slim Figure age 30+, prepared with the aid of compared sample preparation procedures, were tested using the t-test at the 95 % significance level (Ellison et al. 2009 ). The tightness of the relationship between concentrations of these elements in all analyzed slim teas was evaluated by calculating Pearson's correlation coefficients (r) (Ellison et al. 2009 ).
Results and Discussion
Comparison of Sample Preparation Procedures
Five different sample preparation procedures of slim tea products, including two wet digestions (P1, P2) and three alternatives to the complete destruction of sample matrices, that precede the ICP OES analysis of these samples on the total concentrations of Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr and Zn were investigated. For the reasonable comparison of the suitability of different sample preparation procedures in ICP OES measurements of resulting sample solutions, basic chemometric parameters such as precision and accuracy of results achieved were evaluated. The relative standard deviation (RSD) was used to express the precision of measurements of elements' concentrations. The accuracy of the results was assessed by comparing total concentrations of elements obtained using the hot-plate wet digestion (P2), the solubilisation in aqua regia (P3) or TMAH (P4) solutions and the extraction in a diluted HNO 3 solution (P5) with those achieved using the microwave-assisted digestion procedure (P1). Among the digestion procedures reported for plant matrices, including teas, the microwave-assisted digestion in HNO 3 /H 2 O 2 is usually suggested. It is recognized as a well-established tool that provides the total sample decomposition without losses of analytes and treated as a reference method (Kingston and Jassie 1988) . Accordingly, this procedure (P1) was taken as a reference treatment in this work.
Precision
Total concentrations of elements (arithmetic means with RSD values) determined by ICP OES in Slim Figure age 30+ samples treated with compared sample preparation procedures are shown in Table 2 .
The precision of concentrations of all elements obtained after the use of microwave-assisted and hot-plate wet digestions (P1, P2) and the solubilisation in aqua regia (P3) varies from 0.88 % (Ba) to 3.8 % (Cd, P), 1.8 % (Cu, P) to 4.1 % (Cd) and 0.64 % (Sr) to 3.0 % (Cd, P), respectively, for procedures P1, P2 and P3. The precision of measurements obtained with both wet digestion procedures, i.e., P1 and P2, is slightly worse than that achieved after the application of the procedure P3. In the case of procedure P4, RSD values were below 5 % for nine out of 13 elements determined, i.e., Ba, Ca, Cu, Fe, Mg, Mn, Ni, Sr and Zn. For procedure P5, only in four out of 13 elements determined (Ba, Ca, Cu and Mg) was the precision better than 5 %. For the remaining elements, the precision assessed, in cases where both latter procedures were used, was much lower. Accordingly, RSDs up to 7.1 % and 9.1 % for the solubilisation in TMAH (P4) and the extraction in diluted HNO 3 (P5), respectively, were obtained. mixture (P2) and the solubilisation in aqua regia (P3) leads to obtaining results comparable to those obtained after the application of the closed vessel microwave-assisted wet digestion (P1). Using the t-test at the 95 % level of the significance, we determined that differences between results obtained using the reference procedure (P1) and those achieved using the second (P2) or the third procedure (P3) are statistically insignificant. As shown in Table 3 , values of the calculated parameter t for both compared procedures (P2, P3) are lower than the critical value of this test (t critical =4.303). Therefore, it was concluded that the solubilisation of slim tea samples in aqua regia (P3) could be an excellent alternative to time-consuming and laborious wet digestion procedures. Importantly, before the application of the t-test, the F test was used to compare the standard deviations. This is mandatory because two mean values can be compared using the t-test only if irrelevant differences in variance for comparing sets of results (F test) are present. For the two remaining procedures (P4 and P5), a significant decrease in concentrations of most elements can be observed. This is particularly noticeable in thhe case of the extraction in diluted HNO 3 (P5). This sample preparation procedure is certainly not suitable for the reliable determination of studied elements by ICP OES because it does not provide the quantitative release of elements from the sample matrix and, in consequence, leads to serious systematic errors during the whole analysis. It seems that procedure P4 (the solubilisation in TMAH) can alternatively be used instead of the complete destruction of samples by wet digestion procedures (P1, P2), but only in the case of some selected elements, i.e., Cd, Cu and Ni.
The accuracy of the examined sample preparation procedures was also verified by the recovery test. Samples of Slime Figure age 30+ were spiked with a multi-element standard solution at two different concentrations (0.5 and 1.0 μg ml −1 ) and prepared following all compared procedures. Experiments were performed in triplicate and resulting sample solutions were analyzed by ICP OES against simple working standard solutions to assess recoveries of elements added. As shown in Table 4 , obtained recoveries are within 95.8−108%, 88.5 −118%, 98.7−105%, 76.7−137% and 71.3−121%, respectively, for procedures P1, P2, P3, P4 and P5. Results achieved for only two procedures, i.e., the microwave-assisted digestion in HNO 3 with H 2 O 2 (P1) and the solubilisation in aqua regia (P3), provide the best quantitatively recoveries for all elements studied. Additionally, for these two procedures, slopes of standard additions' calibration curves (a Sadd ) were established to be comparable to those found for the external calibration curves (a Ext. ) with simple working standard solutions. By comparing the slopes (a) of calibrations curves, the following values of a Sadd. /a Ext. ratios were obtained: 0.94-1.05 and 0.97-1.04 for microwave-assisted digestion procedure (P1) and solubilisation in aqua regia (P3), respectively. Therefore, it can be concluded that matrix effects are not observed for these two sample preparation procedures. Recovery values for other procedures indicate that they are not suitable for the determination of elements in resulting sample solutions by ICP OES.
Considering the precision and the accuracy, procedure P3 (the solubilisation in aqua regia) was chosen as a simple, fast and reliable means of the preparation of slim tea samples prior to their multi-element analysis by ICP OES.
Limits of Detection
Limits of detection (LODs) of elements achieved with ICP OES were calculated as concentrations corresponding to signals equal to 3 times standard deviations of ten replicates of respective blank solutions (3σ criterion), which were prepared in the same way as those of tea sample solutions. LOD values for all five sample preparation procedures are listed in Table 5 .
As shown, the detectability of ICP OES for studied elements measured in solutions resulted from the application of both wet digestion procedures (P1, P2) and the solubilisation in aqua regia (P3) is better than that obtained after the use of the solubilisation in TMAH (P4) or the extraction in diluted HNO 3 (P5). The application of wet digestion procedures (P1, P2) provide quite comparable LODs of elements with the exception of Ba, Ca, Cr and Fe for which higher LOD values are established for the hot-plate wet digestion procedure (P2). LODs of Ba, Ca, Cd, Fe, Mg, P, Pb and Zn assessed when the procedure P3 was used are similar to those determined when the microwave-assisted digestion procedure (P1) was applied.
In the case of other elements, even lower LOD values were achieved when procedure P3 was used. LODs resulting from the application of the solubilisation in TMAH (P4) and extraction in diluted HNO 3 (P5) are for most elements up to 3 times higher than those assessed for the procedure P1. In the case of Mg (P5), an increase in the LOD of this element by 1 order of magnitude was even observed. Only for Ba (P4), Cu (P4, P5), Ni (P5) and P (P4, P5) LOD values comparable to those obtained for the procedure P1 were achieved.
Analytical Application
Slim Teas
Considering the analytical characteristic of sample preparation procedures investigated here, the solubilisation in aqua regia (P3) was selected as the most suitable sample treatment prior to the multi-element analysis of slim tea products by ICP OES. This procedure was demonstrated to be a much faster, straightforward and more precise alternative to wet digestion procedures. Concentrations of 13 elements were determined in five different herbal teas and results of this analysis are presented in Table 6 . They are mean values for three replicates (n=3) with RSDs.
As can be seen, in all cases, the precision of measurements is very good and varies from 0.21 % (for Ca in Slim Figure 1 (Ba, Cd, Cr, Mn). In general, Ca, Mg and P are the major mineral constituents of slim teas. Concentrations of (Chen et al. 2009; Malik et al. 2008; Nookabkaew et al. 2006; Szymczycha-Madeja et al. 2013) , indicating that the aforementioned elements are the most abundant in many herbal medicines and teas. Teas and herbs can be an important source of such essential elements as Mn, Fe, Zn and Cu, which are crucial for biochemical reactions in the human body. Manganese activates numerous essential enzymes; Fe is within the hemoglobin molecule, Zn is necessary for an enzymatic activity among humans, while Cu is essential for the hemoglobin synthesis (Biego et al. 1998; Colak et al. 2005; Xie et al. 1998) . Concentrations of these micro-elements fulfill the following order: Mn>Fe>Zn>Cu. The content of Mn (459−1.09×10
) is about 2-4 times higher than that of Fe (195−276 μg g −1 ), 2 orders of the magnitude higher than that of Zn (32.6-70.6 μg g ) and even 3 orders of the magnitude higher than that of Cu (7.19−12.8 μg g
−1
). Results for Mn presented in our study are generally comparable to those reported by Chen et al. (2009 ), Colak et al. (2005 , Dash et al. (2008 ), Narin et al. (2004a , Malik et al. (2008) , McKenzie et al. (2010) and Nookabkaew et al. (2006) . Concentrations of Fe in slim teas are very similar to those obtained by Aksuner et al. (2012) , Colak et al. (2005) , Kara (2009) and McKenzie et al. (2010) , but higher than those determined by Chen et al. (2009 ), Matsuura et al. (2001 and Narin et al. (2004b) . Contents of Zn found in this work are consistent with the findings of Matsuura et al. (2001) and Xie et al. (1998) . However, Aksuner et al. (2012) , Mierzwa et al. (1998) and Soylak et al. (2007) reported a lower Zn value for different type of teas. Narin et al. (2004b) established that the concentration of Zn in black tea produced in Turkey was within the range of 110-146 μg g −1 . In the case of Cu, our results are close to values found in teas by Aksuner et al. (2012) , Chen et al. (2009 ), Colak et al. (2005 , Kara (2009) and Soylak et al. (2007) and are significantly lower than those reported by Malik et al. (2008) and Salahinejad and Aflaki (2010) .
Additionally, teas and herbs can expose a health risk due to the presence of toxic or non-essential elements such Ba, Pb, Cd, and others like Cr, Ni and Sr, which are hazardous to humans depending on their oxidation states and concentrations (Başgel and Erdemoğlu 2006) . For these elements, the following order can be described: Sr>Ba>Ni>Pb>Cr>Cd. The only exception is Slim Figure , respectively). In the case of Ni and Pb, their concentrations are also relatively high, i.e., within the , respectively. Concentrations of Sr were lower than those obtained by Kara (2009) and McKenzie et al. (2010) for black and green teas. Xie et al. (1998) reported the range of Ba and Sr concentrations in Chinese tea samples as 3.0-42 and 3.5-24 μg g −1 , respectively. Our results for Ni are lower than those observed by Colak et al. (2005) and Narin et al. (2004a) , but are in a good accordance with those reported by Aksuner et al. (2012) , Malik et al. (2008) , Seenivasan et al. (2008) and Soylak et al. (2007) . Concentrations of Pb are very similar to those determined by Chen et al. (2009) and Mierzwa et al. (1998) , but slightly higher than these reported by Dash et al. (2008) , Matsuura et al. (2001) , Narin et al. (2004b) and Seenivasan et al. (2008) . The level of Cr in slim teas is generally lower than that published in the relevant literature. The concentration range of Cr in tea commonly ranges from 1.7 to 16.9 μg g −1 (Dash et al. 2008; Narin et al. 2004a; Seenivasan et al. 2008) . In case of Cd, our results were lower than those previously reported by Narin et al. (2004a) and Salahinejad and Aflaki (2010) , but in a quite good agreement with those observed by Seenivasan et al. (2008) .
Infusions of Slim Teas
Tea infusions were prepared according to recommendations of their manufacturers. In this case, one bag of each tea was placed in a glass beaker, 200 ml of boiling de-ionized water was added, covered and left for 10 min. Infusions were filtered through 0.45-μm syringe filters and analyzed by ICP OES using the calibration with simple working standard solutions. Percentages of the release of elements were calculated as ratios between concentrations of these elements determined in infusions and their total concentrations in the raw material.
As can be seen from The relationship between concentrations of studied elements in slim teas was determined by calculating the Pearson's correlation coefficients (r). Calculated values of r are listed in Table 7 . It can be seen that there is a very high positive correlation (r >0.9) for concentrations of the following pairs of elements: Ba −Fe, Ba−Sr, Ca−Cr, Cr−Cu, Mn−Sr, and negative correlations only for two pairs: Mn−P and P−Zn. High correlations (r=0.7−0.9) were found for concentrations of Ba−Mn, Cr−Zn, Cu−Mn, Cu−Zn, Fe−Sr and Mn−Zn (all positive) as well as of Cr-Pb, Cu−P, Cu−Pb and P −Sr (all negative). For other pairs of elements, positive or negative correlations were moderate (r ±0.4 to ±0.7), low (r ±0.2 to ±0.4) or almost negligible (r 0 to ±0.2). All observed correlations may be attributed to similar chemical properties of selected elements, co-occurrence in the nature, common exposure sources as well as close associations of some elements in various physiological processes in plants. 
Conclusions
A simple and fast sample preparation procedure, based on a partial decomposition by means of the solubilisation in aqua regia (P3), was developed, and its suitability prior to the multielement analysis of slim teas by ICP OES was assessed. This procedure allows reducing the amount of concentrated reagents, hence significantly diminishes the risk of the sample contamination. Moreover, it can be carried out at room temperature; therefore, losses of volatile analytes are completely eliminated. Finally, it enables us to considerably to reduce the analysis time. Analytical figures of merit, i.e., the accuracy and the precision, evaluated for the ICP OES method with the selected sample treatment are reasonably good; the method provides quantitative recoveries of studied elements and their adequate detectability. Certainly, it can be a very good alternative to time-consuming, laborious and inconvenient wet digestion procedures. It was also found that the solubilisation in TMAH (procedure P4) can alternatively be used instead of both wet digestions (procedures P1 and P2) only to some selected elements, i.e., Cd, Cu and Ni. Unfortunately, the extraction in diluted HNO 3 (the procedure P5) was found to be unsuitable for a dependable determination of examined elements in slim teas.
